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Since 1987, the concept of sustainable development, which tries to combine 
economic, social and environmental concerns into one benign development model, has 
become increasingly popular worldwide. To explore and explain the differences in 
accomplishing sustainable development, this thesis looks at one specific aspect: the 
energy sectors in the United States and the European Union.  
After giving an overview on the political and theoretical aspects of sustainable 
development, the various sustainability dimensions in the energy sector are explored. The 
following four reasons which warrant the change of the current fossil fuel intense energy 
sector are discussed: first, air pollution; second, insecurity of energy supplies; third, 
ultimate exhaustion of fossil fuels; and finally, climate change. 
 Following the development of the methodology, various statistical tests are 
performed using a variety of indicators. Using Wilcoxon’s rank sum test significant 
differences between the U.S. and the EU energy sectors are discovered in energy 
intensity, CO2 emissions, as well as per capita energy consumption in the various energy 
end-use sectors. Afterwards, a Sustainable Energy Index (SEI) is developed identifying 
Austria, Sweden and Finland as having the most sustainable and Wyoming, Alaska and 
West Virginia as having the least sustainable energy sectors. 
In addition, through regression analysis, energy intensity, share of renewables and 
energy consumption in the transportation sector are determined to have the greatest 
impact on CO2 emissions.     
 vii
After the discussion of the SEI policy recommendations are developed, whose 
prompt implementation is desirable given the global rise in energy consumption and the 
negative consequences of climate change. 
 Finally, a conclusion is drawn that no country or state has yet achieved a 
sustainable energy sector. Nonetheless, it was observed that, in general, European 
Countries scored better than American States, which can be attributed to better energy 






You can fuel all the people some of the time 
And 
You can fuel some of the people all the time 
But 
You can not fuel all the people all the time.  
 
Peter Chapman Fuel’s Paradise 1975 
 
During the last decade sustainable development, which tries to combine 
economic, social and environmental concerns into one benign development concept has 
become increasingly popular worldwide. In 1992 at the United Nations Conference on 
Environment and Development, the world developed a blue print towards reaching 
sustainable development (Agenda 21) but also reached an agreement to mitigate global 
warming (UN Framework Convention on Climate Change). In September 2002 the 
international community met again in Johannesburg, South Africa, to review the progress 
made so far and to commit to new targets.  
At the summit, it became apparent that the developed world is more divided than 
ever before on environmental and economic issues. On the one side is the European 
Union, which strongly advocates further commitments in stabilizing the climate and 
which also calls for increased dedication in development aid. On the other side is the 
United States, which used to show leadership in environmental matters but now is seen as 
the principal villain after withdrawing from the Kyoto Protocol and sending only a low 
level delegation to the summit.  
The thesis attempts to go beyond the simple dichotomy between the United States 
of America and the European Union. Instead it takes a look at the next lower level - 
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single states in the U.S. and countries in the EU – to evaluate the actual national 
implementation of sustainability apart from political rhetoric.  
To explore and explain the differences in accomplishing sustainable development, 
the thesis looks at one specific aspect - the energy sector - to evaluate trends and to 
highlight possible progress. Since energy is the junction among all three aspects - being 
paramount for the future social, environmental and economic welfare - it provides a 
valuable test case.  
The main goal of this thesis is to examine trends in the European and American 
energy sector using a variety of indicators and to answer the question whether this 
development can be called sustainable. In addition, through statistical tests the thesis 
determines whether there are variations in the EU and U.S. energy sectors and what 
variables positively influence the development of a sustainable energy sector.  
The remainder of the thesis is organized as follows: first, an overview is given on 
the political and theoretical aspects of sustainable development; second, energy and its 
link with sustainable development is discussed; third, the methodology used in this thesis 
is developed; and fourth, trends in the European and U.S. energy sectors are evaluated. 
Finally, after the discussion a conclusion is drawn on how to direct the energy sector into 
a more sustainable future. 
 2
2. THE CONCEPT OF SUSTAINABILITY 
2.1. The Political Background: From the WCED to Johannesburg 
During the second half of the 20th century, the international community witnessed 
a rise in serious environmental problems resulting from uncontrolled, material intense 
economic development. While some problems were regional bound such as air pollution, 
others were of a global and transboundary nature such as climate change and pollution of 
the high seas. In 1972 the United Nations Environment Programme (UNEP) organized 
the first Earth Summit in Stockholm, at which a number of international environmental 
principles were passed. Today over 240 bilateral, regional and multilateral treaties exist, 
each aimed at solving one specific environmental problem (Weiss/Jacobson 1998). 
However, while the treaties were thought to protect the environment, stress on the global 
ecosystems increased due to over-consumption of resources in the developed world and 
over-population and poverty in the developing world.  
So in 1984, the UN General Assembly established a World Commission on 
Environment and Development (WCED) to formulate a global agenda containing long-
term environmental strategies and possibilities for greater co-operation between 
developing and developed countries. By 1987 the so-called Brundtland Commission - 
named after the chairwoman Gro Harlem Brundtland - published their findings in Our 
Common Future. The key idea of the report was the concept of sustainable development, 
which different groups could use to discuss intimate relationships between economic 
activity and ecology. The report defined the concept as “development that meets the 
needs of the present without compromising the ability of future generations to meet their 
own needs” (WCED 1987: 43). The concept contains two fundamental objectives: first, 
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the satisfaction of basic needs such as food, clothing, and shelter particularly in 
developing countries; and second, the setting of limitations to economic growth 
particularly in developed countries to ensure equitable access to constrained resources 
and the well-being of natural ecosystems.    
In 1992, world leaders subscribed to the concept of sustainable development at the 
Earth Summit in Rio de Janeiro, Brazil. The relatively broad concept of sustainable 
development was refined in a comprehensive plan of action – Agenda 21 - that should be 
employed globally, nationally and locally in areas where humans have a profound impact 
on the environment (UN CED 1992). Subsequent to the meeting, the UN Commission on 
Sustainable Development was created to ensure monitoring and reporting on 
implementation of the treaty at all levels.  
Despite earlier agreements, poverty deepened and environmental degradation 
worsened so the UN General Assembly authorized the World Summit on Sustainable 
Development, also known as Rio+10, to be held in Johannesburg, South Africa in 2002. 
Its focus was mainly on reiterating targets and launching new initiatives in key areas such 
as poverty eradication, water and sanitation as well as energy (UN WSSD 2002). Though 
the summit confirmed sustainable development as a central element of the international 
agenda, it is too early to evaluate its full impacts.   
2.2. The Theoretical Background: Weak vs. Strong Sustainability 
Even before the concept of sustainability became popular, environmental 
economists pointed out that conventional, resource intensive growth has reached its 
limits. Daly argued that the economic subsystem has been steadily growing within the 
finite global ecosystem until it has reached a point at which the ecosystem cannot sustain 
 4
its source and sink functions for the economic subsystem any longer (Daly 1990). 
Evidence that the regenerative and assimilative capacities of the ecosystems are stressed 
can be seen in the accumulation of solid and toxic wastes, the disruption of the upper 
ozone layer, global climate change and world wide land degradation, which in turn leads 
to a dramatic decrease in biodiversity (Goodland 1992). The authors Paul and Anne 
Ehrlich provided a simple formula explaining the increasing human impact on the 
environment, whereby:  
Impact (I) = Population (P) x Affluence (A) x Technology (T). 
Given this equation, one sees the difficulty in reducing impacts when global 
population, especially in developing countries, is rising, affluence (meaning a certain 
lifestyle or consumption level) is increasing, and sophisticated technology off-setting the 
negative impacts of the first two variables is not being fully utilized yet (Ehrlich/Ehrlich 
1990: 58). 
Since its exponential rise in usage the term sustainability drew lots of criticism; 
“sustainable growth” was regarded to be an oxymoron since growth cannot be upheld for 
infinity (Daly 1996). In addition, the concentration on economic growth in international 
treaties to promote the development of the South received harsh disapproval:  
“[A]lmost all politicians since the Second World War have progressively 
built up its conceptual significance, so that, instead of it being one of the 
means by which we achieve our ends, [economic growth] has become the 
single most important end of human society” (Porrit 1993: 30). 
 
Instead environmental economists promote a qualitative development or “steady-
state-economy”, which replaces the quantitative throughput growth while holding inputs 
constant (Goodland 1991, Daly 1996). To accomplish sustainable development other 
social and environmental conditions have to be fulfilled, also. These include the reduction 
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of the population explosion while ensuring democracy, equitable education and health 
care as well as environmental stewardship to guarantee the well being of ecosystems. 
Over time the three dimensions are intrinsic: economic development can only be 
sustained if it is not threatened by environmental catastrophe or social unrest.   
By now, it has been established in literature that sustainable development 
constitutes a social decision rule, which demands the maintenance of the capacity to 
provide per capita non-declining utility for infinity or a non-declining quality of life. 
Currently, the debate has shifted towards different economic concepts, such as whether 
weak or strong sustainable development should be the guiding principle (Neumeyer 1999, 
Döring/Ott 2001).       
The term weak sustainability originates from works of neoclassical economists 
such as Robert Solow and John Hartwick. At its core lies the “substitutability paradigm”, 
which states that man-made and natural capital are interchangeable as long as the total 
aggregate stock, being the capital which provides current and future flows of services, 
remains constant or increases.  
The concept of strong sustainability on the contrary promotes the “non-
substitutability paradigm”. Since natural capital – natural resources, species and 
ecosystems - is essential for the production of goods and direct utility, it should be 
preserved separately. Consequently, strong sustainability calls for keeping both the 
aggregate total value of man-made capital and natural capital as well as the total value of 
natural capital itself at least constant (Neumayer 1999: 27). 
The question of which concept is correct and thus a valuable basis for public 
policy decisions depends upon the availability of resources: in this case it is energy. If 
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resource A, for example fossil fuels, is becoming scarce, meaning the demand exceeds 
the supplies, its price will rise, which will prompt the following four mutually non-
exclusive effects: 
(1) demands shift away from A to resource B, which becomes economical and a 
substitute, for example better utilization of renewable energies; 
(2) supply of resource A increases due to better economic exploration and extraction 
as well as recycling of A, for example more fossil fuels reserves  are discovered 
and better exploited; 
(3) man-made capital will substitute for A, for example hydrogen fuel cells; 
(4) resource constraint on A is eased due to reduced necessary input because of 
technical and scientific progress, for example more efficient combustion.   
In all four scenarios for fossil fuels, the resource and technology optimistic 
proponents of weak sustainability would prevail since the price for resource A would 
decline. Yet, in other cases of natural capital for example clean air, productive land, fresh 
water, which support basic life functions a loss is often irreversible and non-substitutable 
(Döring/Ott 2001). So far, there is no substitute for lost topsoil or a damaged upper ozone 
layer.  
In addition to economic and substitutability considerations, sustainable 
development contains a variety of ethical principles, foremost, the need for intra-
generational and inter-generational justice. The former applies to a fair distribution of 
global resources between developed and developing countries while the latter concerns 
equal division of resources between present and future generations. To ensure just 
distribution of resources, for example a healthy atmosphere, sustainable development 
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promotes some guidelines such as the precautionary principle, which contains the 
following elements. In the case of climate change a precautionary approach would 
recommend to take preventive measures such as moderate greenhouse gas (GHG) 
emissions reductions now before there is absolute scientific proof in order to avoid later 
regrets. In addition, the burden of proof should be shifted to those who believe GHG do 
not harm the atmosphere (Neumayer 1999). 
After defining sustainability and its different dimensions, the next step is to 
determine how to accomplish it. Hence, Herman Daly developed three conditions for 
economic and environmental sustainability: first, the consumption rate of renewable 
resources is not higher than its recovery rate; second, the consumption rate of non-
renewable resources is not higher than the rate of increase in renewable resource supply; 
and third, the emission of pollutants is within the absorption capacity of the environment 
(Daly 1990). Unfortunately, some of these conditions have been violated for years, for 
example, the rates of deforestation and depletion of fossil fuels exceed by far the 
recovery rates of these resources. To satisfy Daly’s conditions a substantial reduction in 
resource consumption and emissions of pollutants is indispensable (Kaya 1997).  
Besides these shortcomings, it is of critical importance for the future formulation 
and implementation of public policies to answer the question how to measure progress -
that is, whether a country, region or sector is on a sustainable development path.  
There are some general economic measures, for example weak sustainability 
requires that the total net investment in all forms of capital is kept equal or greater than 
zero, which is commonly referred to as the Hartwick rule. Other authors, however, 
including the World Bank prefer to speak of genuine savings rather than investments 
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(World Bank 1997). Followers of strong sustainability favor the so-called sustainability 
gap by which a country or a sector first determines certain sustainability standards. In a 
second step it is determined through environmental information and indicators whether or 
not these standards are already achieved or not. The final step is to monetarily estimate 
the costs for achieving the desired standards. This approach is rather uncertain since the 
timeframe in which the standards will be achieved is unknown (Neumayer 1999: 191-
198). Yet, all these calculations are rather general and cannot be applied to specific 
sectors.   
Thus, another way of measuring progress towards sustainable development 
involves the usage of indicators. Indicators have been widely applied, for example, in 
measuring wealth through Gross Domestic Product (GDP) or determining progress in 
development through the Human Development Index (HDI). However, conventional 
indicators fall short of capturing the economic, social and environmental complexity of 
sustainability. Daly shows that as an indicator for wealth GDP does not reveal whether a 
society is living off its capital, that is, unsustainable consumption of fossil fuels, 
depletion of forests etc. or off its income, that is, sustainable yield production from 
fisheries (Daly 1996).  
Although Agenda 21, Chapter 40, specifically calls on all countries as well as 
international governmental and non-governmental organizations to develop the concept 
of Indicators of Sustainable Development (ISD), no agreement has been reached at the 
international level on one common indicator set for measuring sustainability.  However, 
in 1996, the UN CSD proposed an initial list of 134 indicators to be tested in 22 UN 
member states. After a three-year test phase, the original list has been reduced to 59 core 
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indicators (UN CSD 2001). The indicators represent the whole spectrum of sustainability: 
the social dimension is represented by e.g. the population growth rate, the unemployment 
rate, and the female to male wage ratio; the environmental dimension is embodied by e.g. 
air pollutants in urban area, the total forest area, and intensity of water use; and finally the 
economic dimension is captured by e.g. material consumption, intensity of energy use, 
and GDP per capita. Currently, the statistical branch of the European Commission, 
Eurostat, is working and experimenting with a set of 63 sustainable development 
indicators (SDI) based on the UN CSD list (European Commission 2001b).  
In addition to these political efforts, the scientific community is developing a 
multiplicity of indicators and measuring tools (Afgan/Carvalho 2000). For example, in 
2001 and 2002, the World Economic Forum published together with Columbia and Yale 
University scientists a report in which the achievements of 142 countries towards 
sustainable development are measured through an Environmental Sustainability Index 
(ESI). The Index is composed of 20 different indicators, each of which combines two to 
eight variables for a total of 68 underlying variables covering five core components: 
environmental systems, reducing stresses, reducing human vulnerability, social and 
institutional capacity, and global stewardship. The report concludes that no country is yet 
on a sustainable environmental path, and no country has yet fully utilized its capacities. 
The three highest-ranking countries, meaning they are likeliest to maintain favorable 
environmental conditions into the future, are Finland, Norway and Sweden. The three 
lowest ranking countries are North Korea, United Arab Emirates and Kuwait. The United 
States is ranked 45th, whereas Germany is ranked only 50th (World Economic Forum et 
al. 2002). Although the ESI represents a first step towards a more analytically driven 
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approach to environmental decision-making, it has caused considerable controversy 
among environmentalists. Critics claim that the collection of variable components is 
arbitrary and too much concentrated on social instead of environmental factors; other 
important indicators for environmental stress, such as population density, have been left 
out completely (Wackernagel 2001). Concentrating too heavily on socio-economic 
factors in an environmental index introduces a bias in favor of countries able to provide 
these services, in other words developed countries (The Ecologist et al. 2001). 
Another indicator of environmental sustainability is the concept of Ecological 
Footprints, which is an accounting tool for estimating the resource consumption and 
waste assimilation requirements of a defined economy in terms of a corresponding 
productive land area, in simple terms, the area of land needed to permanently support a 
defined population with a specific lifestyle measured in hectare per capita (Rees/ 
Wackernagel 1996). Consequently, the difference between the country’s average 
ecological footprint and the country’s available bio-capacity is called the ecological 
deficit if negative, which can be seen as the gap to sustainability. Countries having large 
deficits (in ha per capita) include the U.S. and the Netherlands with 4.1, Japan with 3.5 
and the densely populated city-states Hong Kong and Singapore with 6.1 and 6.5 
respectively (Chambers et al. 2000: 122). 
Besides these general indicators and evaluations of progress towards sustainable 
development quantitative analyses are lacking in specific target sectors. The thesis 
therefore tries to fill this gap by looking at the energy sector. After an overview has been 
given on the relationship between energy and sustainability, specific energy indicators are 
discussed. 
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3. ENERGY AND SUSTAINABILITY 
From the beginning of life on earth with the capture of solar energy and its 
conversion through photosynthesis into organic molecules to the industrial revolution 
enabling mankind to develop modern civilization, energy has been, is and will be 
paramount for social and economic welfare (OECD/ IAE 2001). The economic 
importance is demonstrated by the strong relationship between energy consumption and 
welfare expressed in GDP:  
 
Figure 3.1: World energy consumption and GDP (Afgan/Carvalho 2000: 6) 
 
In the early days abundance of energy resources lead to thinking that resources are 
unlimited (Afgan et al. 2000). However, the first Law of Thermodynamics dictates that 
society can neither create nor destroy energy. All energy is just temporarily taken from 
the biosphere either in form of fuel such as oil, gas, coal, or uranium or directly captured 
through solar, wind, and geothermal use. After its preparation and distribution through 
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carriers, energy is eventually returned to the biosphere as low temperature heat (Afgan et 
al. 2000).  
First concerns over energy supplies were expressed after the first oil crisis of 
1973, when the OPEC cartel raised fuel prices. Later the Club of Rome issued a report 
entitled Limits to Growth in which the authors discussed the finite nature of fossil fuels 
(Meadows et al. 1974).  
While energy drives the industrialized world and is essential for the development 
of the developing world, at the same time it is the chief pressure for the degradation of 
the environment. Given the uneven global distribution of primary energy (coal, oil, and 
natural gas) consumption - a quarter of the world’s population consume three-quarters of 
the world’s primary energy – economic development in the South within the current 
energy system would require the primary energy supplies to triple (WCED 1987). The 
International Energy Agency expects world primary energy demand to increase with an 
annual growth rate of approximately two percent, reaching 50 percent above the 1990 
levels after 2010; this trend is neither feasible nor desirable for a number of reasons 
(Cassedy 2000).  
First, the current reliance on fossil fuels - they constitute around 90 per cent of the 
world’s primary energy supplies - for combustion has led to major air pollution such as 
smog in urban areas, acid rain caused by SO2 and NOX and particulate matter 
(Goldemberg 1996). While this problem is under control in developed countries through 
environmental legislation such as the US Clean Air Act, air pollution is growing fast in 
developing countries, which can be seen in Figure 3.2 (Cassedy 2000).  
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Figure 3.2: Air pollution in selected cities: total suspended particulates (World Bank 
1999: 26) 
 
Second, the security of energy supplies cannot be ensured. Most of the world’s oil 
(730 billion barrels) and gas reserves (1,900 trillion cubic feet) are situated in five 
politically highly volatile Middle-Eastern countries; Saudi Arabia, Iraq, Iran, Kuwait and 
the United Arab Emirates (Bentley 2002). In addition, the rising energy consumption in 
developing countries due to population expansion and economic growth as well as the 
cartel of OPEC will further constrain the security of supplies.  
Third, the ultimate exhaustion of fossil fuels prevents the continued existence of 
the current energy system. It is estimated that the global peak production of all 
hydrocarbons, which are oil and gas combined, is likely to occur in 10 or so years 
(Bentley 2002). Besides, the world will see a steep decline in global total hydrocarbon 
production from around 2020 on (Bentley 2002).    
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Finally, and most importantly, in the short and medium term the current energy 
mix heavily contributes to global climate change.1 Although the phenomenon of the 
green house effect was made public in the 19th century by Swedish chemist Svante 
Arrhenius, many industrialized countries did not anticipate the current development. 
During the last century, increased emissions of greenhouse gases (GHG) has led 
to a human-induced climate change with far-reaching ecological, economic and social 
consequences. According to the International Panel on Climate Change (IPCC) the global 
average surface temperature has increased over the 20th century by about 0.6° Celsius and 
is expected to increase by 1.4 to 5.8 ° Celsius between 1990 and 2100. In addition, the 
1990s was recorded as the warmest decade since record keeping began in 1861 (IPCC 
2001). Severe consequences of global climate change include: sea level rising as much as 
0.88 meters, increased flooding, heat waves and intensified droughts, as well as a general 
northern shift of vegetation zones (IPCC 2001).  
For the United States the latest Climate Action Report predicts severe changes in 
ecosystems, which might include exacerbating water shortages particularly throughout 
the western United States, thawing of permafrost and increased coastal erosion in Alaska. 
The report continues that some ecosystems, such as alpine meadows in the Rocky 
Mountains and some barrier islands, are likely to disappear entirely (US DOS 2002).  
Alarmed by the possible devastating consequences, 186 countries signed (and 
later ratified) the UN Framework Convention on Climate Change (FCCC) at the Earth 
Summit in Rio de Janeiro. The ultimate objective of the convention is laid out in Article 
2: “to achieve […] stabilization of greenhouse gas concentrations in the atmosphere at a 
                                                 
1 It is estimated that climate change is caused 57% by energy production and use, 17% by CFCs, 3% by 
industry, 14% by agriculture, 9% by deforestation and changes in land use patterns (Goldemberg 1996). 
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level that would prevent dangerous anthropogenic interference with the climate system.” 
To meet this challenging reduction goal, however, states will have to cut their GHG 
emissions especially carbon dioxide (CO2) - the most important heat-trapping gas. 
Given these four reasons, the commercial energy system needs to be “taken away 
from its mother’s milk of fossil fuels and progressively put onto an adult diet of biomass 
raw material and other renewable sources of energy” (Read 1994).  
Chapter 9 of Agenda 21, dealing with the energy sector, depicts the objective as 
follows:   
“In order to make the energy sector more sustainable while at the same 
time mitigating climate change countries have to improve their existing 
energy systems based on efficiency in energy production, transmission, 
distribution and consumption, and on growing reliance on environmentally 
sound energy systems, particularly new and renewable sources of energy “ 
(UN CSD 1992).  
 
Any improvements in the energy sector that will be stipulated by public policies 
must balance three primary factors, which can be in mutual conflict: first, economic 
efficiency; second, public acceptance; and third, environmental impact (Cartledge 1993).  
The relationship between the three dimensions and energy can be seen in Figure 
3.3. The environmental state associated with the energy system results from the impact of 
driving forces originating from the economic and social dimensions of the energy system. 
In turn, the social state is subject to certain driving forces from the economic dimension. 
Finally, the institutional dimension can affect all three other dimensions - social, 
economic and environmental – through corrective response policy actions affecting the 
sustainability of the whole energy system (IAEA/IEA 2001).  
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Figure 3.3: Interrelations between sustainability dimensions of the energy sector 
(IAEA/IEA 2001: 1) 
 
At the Johannesburg summit in 2002 energy was one of the focal points. Some of 
the main policy targets include an increase in the global share of renewable energy 
sources, the improvement of access to affordable and environmentally sound energy 
services and resources, the removal of market distortions including the restructuring of 
taxes and the phasing out of harmful subsidies and the acceleration of the development 
and dissemination of energy efficiency and energy conservation technologies (UN WSSD 
2002).  
Given the broad targets of making the energy system more sustainable, the 
question remains which concrete steps have to be taken. The OECD offers the following 
three approaches to balancing the sustainability dimension in the energy sector: first, the 
maintenance of per capita income through time; second, internalization of energy 
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externalities; and third the removal of energy subsidies (OECD/ IAE 2001). Even if 
following such general guidelines is successful, the issue becomes how to evaluate 
accomplishments towards sustainable energy.  
Despite the progress mentioned earlier in creating sustainable development 
indicators, no comprehensive set of indicators for sustainable energy development exists. 
In 1999, the International Atomic Energy Agency (IAEA) and the International Energy 
Agency (IEA), together with representatives from countries, international business 
organizations and NGOs developed a provisional set of indicators for sustainable energy 
development. After extensive field testing a final set of 41 indicators was agreed upon 
(IAEA/IEA 2001).2 So far, the indicators have not yielded a comprehensive quantitative 
analysis of different energy sectors. The study conducted by Eurostat had some findings 
in the economic sector relevant to this thesis, including a steady increase of GDP per 
capita; a relative but not absolute de-coupling of economic growth and material use 
between 1980 and 2000; a 10 percent growth in the proportion of renewable energy 
sources of gross inland consumption; and a decline of energy intensity of the economy as 
a whole (European Commission 2001b). However, these indicators are not sufficient to 
determine whether an energy sector is sustainable. 
Another method of evaluating the energy sector can be derived from the 
ecological footprint concept mentioned earlier. The area needed to sequester energy 
related CO2 emissions represents the amount of energy consumption of one country. 
Thus, in the case of the U.S., the footprint of 8.3 ha per person includes 4.2 ha for 
sequestration purposes ((Rees/ Wackernagel 1996). Still, this measure is too general to 
evaluate a single energy sector thoroughly.  
                                                 
2 The complete list of the proposed energy indicators can be found in Appendix A. 
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So far, one quantitative analysis of an energy system with the help of indicators 
has been conducted (Afgan/Carvalho 2000: 83-125). Unfortunately, since most of the 
indicators apply to power plants and resources on a hypothetical island, the analysis 
cannot be reproduced for economies at large with the existing data sets. 
Before discussing the energy indicators employed in this thesis, the methodology 




To answer the thesis’ research question of whether European and American 
energy sectors can be called sustainable, a comparative assessment based on empirical 
energy, structural and environmental data has been conducted. The research methodology 
is based on the most similar system designs approach, in which like cases are evaluated, 
in this case highly industrialized, democratic EU countries and individual states of the 
U.S. (Lijphart 1971). This research design concentrates on a relatively homogeneous 
group of cases to ensure that the number of factors affecting the energy sector is held 
small. 
4.1. Selection of Cases 
Keeping in mind the limits of the current energy system and the need for inter- 
and intragenerational justice, achieving sustainable development will involve changing 
the rich – the developed - not changing the poor – the developing countries (Sachs 2002). 
Thus, the thesis concentrates on some of the most developed countries: the United States 
and the 15 EU countries, members of the G7 group representing important industrial 
democracies and/or members of the Organization for Economic Cooperation and 
Development (OECD).3  
Moreover, regarding climate change both the EU and the United States ratified the 
UN Framework Convention on Climate Change, which demands that the developed 
countries reduce their GHG emissions back to 1990 levels. In addition, under the 1997 
Kyoto Protocol to the UNFCCC the EU obliged itself to cut GHG emissions by eight 
                                                 
3 The other G7 members Japan and Canada have been excluded from this thesis due to time and financial 
constraints in obtaining sufficient data sets. 
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percent from the 1990 levels during the first commitment period from 2008 to 2012. 
Likewise, the U.S. first agreed but later revoked its promise to cut emissions by seven 
percent during that same timeframe.  
Concerning U.S. reluctance to ratify the Kyoto Protocol and its insistence on 
regulations requiring all countries to make binding commitments, the Indian Prime 
Minister Vajpayee expressed the resentments of all developing countries at UN FCCC’s 
COP 8 in October 2002:  
“[O]ur per capita GHG emissions are only a fraction of the world average, 
and an order of magnitude below that of many developed countries. This 
situation will not change for several decades to come. We do not believe 
that the ethos of democracy can support any norm other than equal per 
capita rights to global environmental resources” (UN FCCC 2002).  
 
The U.S. and the EU have the environmental obligation to reduce their GHG 
production given their tremendous ecological footprints but they also have the socio-
economic capacities to change their energy sectors. Also, if these industrialized countries 
are unable to put their energy sector on a sustainable path, how can the EU and the U.S.  
expect developing countries to do so when the satisfaction of basic needs is still 
paramount for large parts of the population? 
The comparison between the U.S. and the EU will involve two levels: first, at the 
federal level the U.S. government as well as the EU Commission; and second, at the 
member state level, the individual U.S. States as well as the individual EU Member 
States. The timeframe of the evaluation is set between 1987, when the principle of 
sustainable development became widely publicized and 1999, the last year for which 
adequate data could be obtained.    
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4.2. Energy Indicators   
To identify and compare trends and progress in the different energy systems 
towards sustainable development goals, reliable data and indicators are essential. 
Indicators are important, since they monitor changes and provide policy-makers with 
guidance and early warnings to prevent economic, social and environmental damage. 
According to the International Energy Agency (IAE) the following topics - each 
reflecting the different dimensions of sustainability - have to be included in an energy 
sector assessment (IAEA and IEA 2001):    
Social dimension: 
1. Energy disparities 
2. Energy affordability and accessibility 
Economic dimension: 
3. Economic activity levels 
4. Energy production, supply and consumption 
5. Energy pricing, taxation and subsidies 
6. End-use energy intensities 
7. Energy supply efficiency 
8. Energy security 
Environmental dimension: 
9. Global climate change 
10. Air pollution 
11. Water pollution 
12. Wastes 
13. Energy resource depletion 
14. Land use 
15. Accident risks 
16. Deforestation. 
 
The indictors employed in this thesis are taken or modified from the forty-one 
indicators used by the IEA. However, the number has been reduced: first, because this 
evaluation concentrates on the most developed countries in the world, hence the social 
dimension covering accessibility and affordability of energy loses its importance. Second, 
the difficulty of obtaining sufficient data made it necessary to reduce the amount of 
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indicators. The data used in this thesis originates from government sources in the United 
States and the European Union.4 An important aspect of evaluating an energy system is 
the inclusion of control variables to ensure comparability between the cases; these are the 
size of the country/state, the number of inhabitants and the corresponding population 
density.5 
When assessing the energy system, the first aspect to consider is where to 
measure changes (Khan/Vanderburg 2001). One way would be at the energy supply side, 
that is, the mix of primary energy sources such as fossil fuels and renewables.6 The 
energy supply side moves towards a sustainable state when it can be shown that non-
renewable energy sources are declining or at least improving in efficiency and when the 
share of renewable sources is growing. This follows Daly’s second condition for 
sustainability in which demands the consumption rate of non-renewable resources not 
being higher than the rate of increase in renewable resource supplies. Renewable energy 
sources are associated with much lower GHG emissions than energy produced from fossil 
fuels. Increasing the contribution of renewables will positively affect the attainment of 
the Kyoto targets.  
Another method is looking at the energy demand site where energy is finally 
consumed, that is, in the different sectors such as industry, transportation, and 
commercial-residential. The overall energy consumption in each sector includes: 
consumption from coal, oil, natural gas, renewables, and electricity.  
                                                 
4 Most of the U.S data is obtained from the Energy Information Administration (EIA), the Environmental 
Protection Agency (EPA) and the Bureau for Economic Affairs (BEA); the EU data is completely taken 
from statistical publications of the European Commission with the exception of the GDP data, which is 
taken from the U.S. Statistical Abstract to ensure comparability.  
5 Controlling variables for climate could not be included due to the unavailability of European data. So, the 
thesis assumes equilibrium between heating and cooling days. 
6 There is no separate category for nuclear power within the energy supply, since it is oftentimes included 
in the category “other” along with net imports of electricity, and other energy sources. 
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One key indicator to assess the sustainability of the energy demand side is to see 
whether efficiency has improved (UN CSD 2001). This is measured by energy intensity, 
or in simple terms, by the amount of energy needed to produce a certain national income. 
Using resources and energy efficiently contributes towards environmental and economic 
sustainability by reducing environmental stress and increasing industrial competitiveness. 
Dividing the overall GDP by the gross domestic energy consumption forms the aggregate 
energy intensity indicator.7 The aim of this indicator is to show that a separation of 
energy consumption from economic growth is possible. Yet, this indicator is highly 
aggregated; that is why a more detailed analysis of the single energy end-use sectors is 
needed. Here, the energy intensity is given by the sector’s energy consumption per 
capita.8 A sector is more efficient and thus sustainable if it requires less energy per capita 
(UN CSD 2001). 
Besides resource considerations, an assessment must include environmental 
aspects. Since all the examined cases have environmental legislation in place for ambient 
air pollution, and the most challenging current environmental problem is climate change, 
the thesis includes the environmental dimension by concentrating on CO2 emissions. 
Herman Daly’s third condition for sustainability was that the emission of pollutants is 
within the absorption capacity of the environment. As the absorption capacity of the 
atmosphere for CO2 is still highly debated, the thesis considers countries sustainable if 
their emissions per capita are cut back to or below 1990 levels in accord with the 1992 
UN FCCC and the 1997 Kyoto Protocol. Again, the thesis looks at the overall and the 
                                                 
7 To ensure comparability the GDP data used is given at constant 1995 prices and exchange rates in U.S. 
Dollars. 
8 An evaluation of the sector’s energy consumption regarding its proportion of the GDP has not been 
conducted due to the absence of corresponding European data. 
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sectoral CO2 emissions per capita. The thesis assumes an energy sector to be more 
sustainable if the emissions of CO2 are declining.  
Besides GDP, indicators representing other economic aspects of the energy sector 
analyze whether or not the energy sector is economically distorted. An energy sector is 
less sustainable if energy use is subsidized thus reducing incentives to increase 
efficiency. On the contrary, an energy sector is more sustainable if energy efficiency is 
encouraged through the deployment of taxes.  
Since there is no sufficient empirical data on the amount of energy taxes levied 
for each case, the thesis employs a method created by Paul Templet. To show whether the 
industrial sector using massive amounts of energy is allowed to externalize 
environmental costs and thus save on pollution abatement, an energy tax/subsidies 
indicator has been developed by dividing the average unit price of different energy 
supplies for the residential sector by that of the industrial sector for each of the sixty six 
cases (Templet 1995: 144).  
The energy supplies included are electricity, natural gas and oil.9 The single ratios 
are referenced against the U.S. or the EU average respectively. Ratios above the 
continent’s average represent an energy subsidy or gain for the country’s industrial sector 
and a loss to its citizens, while ratios below the average represent a tax or a loss for the 
country’s industrial sector and thus a gain to its citizens (Templet 1995: 144). Finally, the 
single gains or losses are combined to an overall energy gain/loss number. The results for 
the single countries/states are displayed in Table 4.1:  
 
                                                 
9 Other energy supplies such as coal or renewables could not be included due to the unavailability of price 
data from the EU. The single energy ratios can be found in Appendix C. 
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Table 4.1: Relative gains and losses to the industrial energy sector 
Relative gains and losses to the industrial energy sector 
Country/State Gains/Losses Country/State Gains/Losses 
Austria -1.40 Louisiana 1.20 
Belgium 1.76 Maine 0.15 
Denmark 4.29 Maryland -0.13 
Finland -1.13 Massachusetts -1.21 
France 1.58 Michigan -0.90 
Germany -0.39 Minnesota -0.53 
Greece -1.48 Mississippi 0.34 
Ireland 2.29 Missouri -0.78 
Italy 4.34 Montana 0.58 
Luxemburg -0.99 Nebraska -0.87 
Netherlands 0.52 Nevada -0.30 
Portugal 0.19 New Hampshire -0.79 
Spain 0.57 New Jersey -0.24 
Sweden -1.66 New Mexico 0.71 
United Kingdom -0.89 New York 1.38 
  North Carolina 0.32 
Alabama 1.30 North Dakota -0.52 
Alaska 0.21 Ohio -0.33 
Arizona 1.49 Oklahoma -0.71 
Arkansas -0.59 Oregon 0.08 
California 0.30 Pennsylvania -0.51 
Colorado -0.22 Rhode Island -0.65 
Connecticut -0.15 South Carolina 1.59 
Delaware 0.39 South Dakota -0.63 
D.C. -2.38 Tennessee 0.36 
Florida 2.04 Texas 1.11 
Georgia -0.18 Utah -0.24 
Hawaii 3.59 Vermont 0.21 
Idaho -0.14 Virginia 0.20 
Illinois -1.09 Washington 2.30 
Indiana -0.57 West Virginia 0.62 
Iowa -0.73 Wisconsin -0.61 
Kansas -0.76 Wyoming -0.44 
Kentucky -0.04   
 
Finally, an energy sector is more sustainable if it has a secure supply base. Of all 
the energy sources, renewables are the most desirable since they are environmentally 
benign. However, since all the energy sectors are still heavily dependent on fossil fuels 
their supply has to be ensured. Thus the diversification of fossil fuel supplies is measured 
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(in this case oil, natural gas, and coal) since the more diverse the energy supply base the 
less dependent it is upon one single source or provider. The method used to calculate 
diversity is modified from Paul Templet’s approach of measuring economic diversity by 
using the Shannon-Weaver formula (Templet 1999): 
[ ]∑−= i ii ppH ln  
where H is the diversity and pi the share of a specific fossil fuel to the overall fossil fuel 
consumption. The results for the fossil fuel base for the sixty-six cases are exhibited in 
Table 4.2, the higher H the higher the energy diversity.     
Table 4.2: Energy Diversity 
Fossil Fuel Diversity 
Country/State Diversity H Country/State Diversity H 
EU 1.01 Kentucky .97 
Austria .97 Louisiana .90 
Belgium 1.00 Maine .17 
Denmark 1.03 Maryland 1.00 
Finland 1.00 Massachusetts .71 
France .87 Michigan 1.09 
Germany 1.06 Minnesota 1.05 
Greece .81 Mississippi .99 
Ireland .96 Missouri 1.02 
Italy .88 Montana 1.02 
Luxemburg .69 Nebraska 1.06 
Netherlands .95 Nevada 1.09 
Portugal .75 New Hampshire .69 
Spain 1.04 New Jersey .77 
Sweden .88 New Mexico 1.09 
United Kingdom .54 New York .87 
  North Carolina .97 
USA 1.07 North Dakota .81 
Alabama 1.03 Ohio 1.08 
Alaska .73 Oklahoma 1.08 
Arizona 1.01 Oregon .84 
Arkansas 1.08 Pennsylvania 1.06 
California .72 Rhode Island .69 
Colorado 1.09 South Carolina 1.02 
Connecticut .55 South Dakota .96 
(table cont.) 
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Delaware .94 Tennessee 1.03 
D.C. .70 Texas .99 
Florida .93 Utah 1.05 
Georgia 1.01 Vermont .39 
Hawaii .14 Virginia .98 
Idaho .73 Washington .78 
Illinois 1.08 West Virginia .77 
Indiana 1.03 Wisconsin 1.07 
Iowa 1.07 Wyoming .87 
Kansas 1.09   
 
Another economic aspect, the liberalization of energy markets could not be 
included in the quantitative analysis since the process started too late for the thesis’ 
timeframe. However, it will be evaluated in the discussion.   
4.3. Statistical Methods 
To quantitatively compare the sixty-six cases - the fifty U.S. States plus 
Washington, D.C. and the fifteen EU Member States, the thesis utilizes a variety of 
statistical methods using statistical packages SPSS, STATA and Win Stat for Excel.  
First, the thesis evaluates whether there are statistically significant differences in 
the distribution of observations in single indicators, e.g., energy intensity between U.S. 
and EU cases. When comparing two groups, in this case the U.S. and the EU, information 
on the distribution function is necessary. Since there is no indication to assume that the 
two groups follow a normal distribution or equal variances, a so-called distribution-free 
method has to be applied. For the comparison of two samples the Wilcoxon rank-sum test 
has proved to be efficient (Wilcoxon 1945).10  
Second, the thesis analyzes which EU country or U.S. state respectively has the 
most and the least sustainable energy sector. Therefore, a Sustainable Energy Index (SEI) 
                                                 
10 The Wilcoxon rank-sum test is explained in Appendix B. 
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is developed using key energy indicators.11 The aim of this index is not to establish a 
specific level of performance above which the energy sector can be sustained indefinitely 
but rather to provide important comparative insights. Since the indicators for the EU and 
the U.S. do not follow a normal distribution, they have to be transformed to omit 
skewness and kurtosis. Afterwards, mean and standard deviation are determined and the 
variables are transformed again so that they best resemble a normal distribution with a 
predicted value equaling zero and a standard deviation equaling one. The transformed 
values are now the natural logarithm of the original value plus a constant determined by 
the statistics program (ln (value + constant)). Above these values a function of the normal 
distribution is laid, so that new values ranging from zero to one are created.    
Finally, a regression analysis is performed. Given the importance of mitigating 
climate change through reducing GHG emissions, particularly carbon dioxide, the decline 
of per capita CO2 emissions can serve as a valuable proxy for sustainable energy 
development. To explain the decrease of CO2, a number of independent variables such as 
GDP per capita, which provides a good proxy of the material wealth of citizens, energy 
intensity, the share of renewables, energy consumption in the single sectors as well as 
tax/subsidies are utilized.   
                                                 
11 The method is taken from the Environmental Sustainability Index (ESI) referenced earlier. 
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5. ANALYSIS OF THE U.S. AND THE EUROPEAN ENERGY SECTORS 
First, the data was analyzed to see whether there are significant differences 
between the U.S. and the EU energy sector. Differences are considerable if the 
corresponding p-value of the Wilcoxon rank-sum test is smaller than .05 (all tests are 
performed as two-sided test on a significance level of 5 percent, that is α=0.05). The test 
has been conducted with key indicators outlined in chapter 4.2. The results for indicators 
showing variations between the continents are exhibited in Table 5.1:  
Table 5.1: Results from Wilcoxon’s rank-sum test 
Wilcoxon Rank-Sum Test 





Energy intensity 1999 EU 15 12.07 181  
(toe /million $) US 61 39.80 2030  
 Total 66   <.001 
      
Energy Consumption in  EU 15 13.60 204  
Industry 1999 US 61 39.35 2007  
(toe/inhabitant) Total 66   <.001 
      
Energy Consumption in  EU 15 11.87 187  
Transportation 1999 US 61 39.86 2033  
(toe/inhabitant) Total 66   <.001 
      
Energy Consumption in  EU 15 9.07 136  
Com.-Resident. 1999 US 61 40.69 2077  
(toe/inhabitant) Total 66   <.001 
      
Carbon Dioxide per  EU 15 11.47 172  
capita 1999 US 61 39.98 2039  
(tCO2/ inhabitant) Total 66   <.001 
      
Growth in Renewable  EU 15 45.60 684  
Energy per capita US 61 29.94 1527  
1987-1999 (%) Total 66   .005 
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Thus, it can be seen that European countries are more efficient in their energy use 
than Americans states, that is, they require less energy to produce their overall material 
wealth, but they also require less per capita input in the single energy end-use sectors. 
The following two Box plot diagrams illustrate the spread of data for the EU and the U.S. 
















































































Figure 5.2: CO2 emissions per capita in the European and American energy sectors 
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The efficiency in energy use is gained in Europe without sacrificing material 
wealth, since there are no significant differences in GDP per capita (p=.14) and the 
correlation between per capita GDP and per capita energy use yields only a small 
Pearson’s r of .042. However, regarding changes between 1987 and 1999 the connection 
between the growth rate of GDP per capita and the growth rate of energy consumption 
per capita reveals a significant correlation (r=.324 with a p=.008).   
For other indicators, significant differences between the continents were not 
found: share of renewable energy (p=.86), energy taxes/subsidies for industry (p=.957), 
and energy supply diversity (p=.281).  
After revealing differences between the EU and the U.S. energy sectors, the 
question becomes which country’s or state’s energy sector is the most sustainable. 
Therefore, a Sustainable Energy Index (SEI) was developed incorporating five major 
components covering the earlier discussed dimensions of sustainability. An overview is 
given in the following table: 
Table 5.2: Components of the Sustainable Energy Index (SEI) 
Components of the Sustainable Energy Index (SEI) 
 
component 1 Energy Intensity 
(1) SEI1 = energy intensity 1999 + change in energy intensity 1987-1999 
 
component 2 Single Energy End Use Sectors 
(2) SEIi = SEI1 + share of industrial energy consumption * .5 (industrial energy 
consumption per capita + CO2 intensity) 
(3) SEIt = SEIi + share of transportation energy consumption * .5 (transportation energy 
consumption per capita + CO2 intensity) 
(4) SEIc = SEIt + share of commercial-residential energy consumption * .5 (commercial-






component 3 Renewable Energy  
(5) SEI3 = SEIc + share of renewable energy 1999 + change in renewable energy share 
1987-1999 
 
component 4 Energy Security  
(6) SEI4 = SEI3 + energy diversity 1999  
 
component 5 Energy Taxes/Subsidies  
(6) SEIf = SEI4 + gains or losses to industry sector 1999  
 
whereby:   component 1: maximum 100 + x 
                  component 2: maximum 100 
                  component 3: maximum 100 + y 
                  component 4: maximal  50 
                  component 5: maximal  100 
                  Sum (SEI) : maximum 450 + x + y 
 
The first component is energy intensity, which is built up by two parameters: the 
absolute values for 1999 and the change in energy intensity between 1987 and 1999. The 
values of change have been added to the absolute values either as a bonus in case of a 
decrease or as a penalty in case of an increase in energy intensity.  
The second component is composed of the energy consumption in the single end-
use sectors: industry, transport, as well as residential-commercial. Each sector has been 
assigned values for energy use per capita and carbon intensity, that is, tons of CO2 
emissions per ton of oil equivalent.  
The third component captures the share of renewable energy from overall energy 
consumption. Like the first component, this indicator consists of two parameters: first, 
the absolute values for 1999; and second, the values of change between 1987 and 1999. 
Again, these values have been added to the absolute values either as a bonus in case of an 
increase or as a penalty in case of a decrease in the share of renewables. The fourth 
component covers energy security; here the values are taken from the fossil fuel diversity 
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index. The last component consists of the distortion of the energy market, which is 
expressed in the energy tax/ subsidies ratios.   
These five components are combined to form the overall Sustainable Energy 
Index (SEI). Thus, given their importance in contributing to sustainability components, 
one, three and five are assigned weights of a hundred percent. Component four, which 
deals with fossil fuels is given only a weight of fifty percent since it reflects undesirable 
fossil fuels. The single energy end-use sectors are assigned weights according to their 
contribution towards overall energy consumption to avoid double counting. After 
combining the components according to their weight and multiplying the index by one 
hundred, the maximum value it can have is 450 plus the respective changes in energy 
intensity and renewable energy sources. The overall results are shown in Table 5.3.12 
Table 5.3: Sustainable Energy Index (SEI) 
Sustainable Energy Index (SEI) 
Country/State SEI Country/State SEI 
1. Austria         370.49 34. Virginia        243.67 
2. Sweden          357.98 35. Portugal        241.71 
3. Finland         354.83 36. Illinois        239.16 
4. Nevada          324.19 37. Italy           238.75 
5. New Hampshire   321.58 38. New York  237.52 
6. Germany         311.47 39. France          235.48 
7. Denmark         297.10 40. Ireland         231.99 
8. Ohio            295.38 41. North Carolina  228.85 
9. Georgia         289.69 42. Oklahoma        226.15 
10. Arkansas        287.10 43. Missouri        220.30 
11. Oregon          286.01 44. Tennessee       214.75 
12. Connecticut     285.43 45. Iowa            214.69 
13. Minnesota       284.62 46. Washington      214.43 
14. Greece          283.88 47. Florida         208.24 
15. Rhode Island    280.47 48. Maine           208.10 
16. Hawaii          280.38 49. New Jersey      204.35 
17. California      274.88 50. Utah            204.00 
18. Massachusetts   273.81 51. Montana         194.91 
(table cont.) 
                                                 
12 The single index components can be seen in Appendix D. 
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19. South Dakota    266.73 52. Kansas          186.21
20. Wisconsin       263.42 53. Delaware 186.13
21. D.C.            263.06 54. South Carolina  183.66
22. Arizona         261.47 55. Mississippi 182.88
23. Vermont         260.58 56. Belgium 182.42
24. Colorado        260.35 57. Alabama 181.16
25. Nebraska        257.21 58. New Mexico 154.15
26. Spain           255.91 59. Indiana  154.08
27. Luxemburg       254.71 60. Kentucky  143.76
28. Maryland        253.67 61. Louisiana 136.11
29. Pennsylvania    251.18 62. North Dakota  129.46
30. Michigan        246.99 63. Texas 116.87
31. Netherlands     246.71 64. Wyoming 115.78
32. United Kingdom    244.99 65. Alaska  59.97
33. Idaho 243.74 66. West Virginia 53.86
 
It is obvious that no country or state received the highest possible number; hence 
there is room for improving the energy sectors. Only three European countries - Austria, 
Sweden and Finland - managed to have an index above 350 and another two U.S. states 
and one European country – Nevada, New Hampshire and Germany scored higher than 
300. At the lower end, two U.S. states – Alaska and West Virginia - received an index 
lower than 100. The majority of the sixty-six cases scored in the 200 range. 
Keeping these results in mind, the next question to be answered was which 
variables influence the development of a sustainable energy sector positively? Knowing 
these factors will provide valuable insights for policy-making targeted at creating optimal 
conditions for further improvements of the energy sector. The hypothesis developed in 
Chapter 4 is that the per capita carbon dioxide emissions depend on the share of 
renewable energy resources, the per capita energy consumption in the single sectors, the 
amount of subsidies or taxes levied at the industrial sectors, as well as the per capita 
GDP. The bivariate correlation between the dependent and the independent variables 
revealed the following outcomes:   
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Table 5.4: Results of bivariate correlation between per capita CO2 emissions and various 
energy indicators 
Bivariate correlations between per capita CO2 emissions and various factors   
 per capita CO2 emissions 


























































* The correlation is significant at the .01 level (2-tailed). 
   N=66 
 
From the table, it is obvious that there is a strong positive relationship between 
energy consumption in the various sectors and CO2 emissions. This should be obvious 
given the high proportion of fossil fuels to the overall energy consumption and their high 
carbon content. Likewise, there is a strong negative relationship between the share of 
renewables and CO2 emissions, that is, the higher the share of renewables the lower CO2 
emissions due to their zero content of carbon. Additionally, there is a strong positive 
connection between energy intensity and CO2 emissions. Thus, the more energy needed 
to produce a certain GDP level the higher the CO2 emissions will be. Besides, there are 
only weak positive connections between GDP per capita and the Energy Taxes/Subsidies. 
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Countries having a higher GDP use more energy to generate it, thus having higher CO2 
emissions. Similarly, countries having large subsidies for the industrial sector create little 
incentives for energy efficiency thus having larger per capita CO2 emissions. 
Additionally, the correlations showed other important connections within the 
energy sector. There is a significant negative relationship (r=-.245 with a p=.048) 
between energy taxes and GDP per capita. Thus, the more subsidies an industrial sector 
receives the lower the overall GDP per capita is. Consequently, the argument that 
subsidizing energy for industrial users increases their competitiveness and helps the 
domestic economy is wrong. In fact, the correlation shows that countries displaying a 
high energy intensity, thus being less efficient in their resource and energy use, have a 
lower GDP per capita (r=-.324 with a p=.008). 
After the correlation, a linear regression with the independent variables explaining 
existing variances in the observations for CO2 per capita emissions was performed using 
forward selection and backwards elimination. Three regression models were developed, 
which results can be seen in the following table.  
Table 5.5: Linear regression models for per capita CO2 emissions 
Estimation of parameters* for different linear regression models  





































R .942 .929 .882 
R² .888 .863 .779 
Adj. R² .878 .857 .775 
N 66 66 66 
* The corresponding p-Values are shown in parentheses.  
 
Model I includes all variables, which showed significant correlations with CO2 
emissions. It explains approximately 94 percent of the observed variances. However, 
models II and III also have a large explanatory utility, while using fewer variables. The 
variances in the observations in CO2 emissions in Model II are explained by energy 
intensity, share of renewables and the energy consumption in the transportation sector, 
and in Model III by energy consumption in the transportation sector alone, which can be 
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Figure 5.3: Regression model for CO2 emissions (dependent) and energy consumption in 
the transportation sector (independent variable) 
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Hence, it can be concluded that increasing the efficiency in the transportation 
sector and increasing the share of renewable energy will result in considerable lower per 
capita energy CO2 emissions. 
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6. TOWARDS A SUSTAINABLE ENERGY FUTURE? 
To understand the observed differences in the energy sectors of the European 
countries and the U.S. states, one has to look at the guiding energy policy frameworks at 
the superior levels: the EU and the federal U.S. government, since their influence leads to 
a harmonization and convergence at the subordinate level. 
6.1. Energy Policies in the EU vs. Energy Policies in the USA 
Since 1983 the European Commission has assumed competence for community 
energy policies, mainly by creating a common European market for energy. Besides, the 
1997 Amsterdam treaty established the requirement that EU community policy 
contributes to sustainable development. The three core EU objectives are: first, the 
security of supplies; second, competitive energy systems; and finally, environmental 
protection (European Commission 1999). To achieve the second objective the European 
Commission issued two Directives, adopted in 1996 and 1998, requesting Member 
countries to liberalize their energy markets, particularly for electricity and natural gas. 
Consequently, electricity prices have been declining since the late 1990s, therefore 
increasing competitiveness for energy-intense firms and lowering utility bills for 
households (European Commission 2002b). To achieve goals one and three, the 
European Commission launched new programs promoting renewable energy sources with 
an overall EU target of doubling the share of renewables in the gross inland energy 
consumption by 2010 (European Commission 2001a). Furthermore, in April 2000, the 
Commission presented its Action Plan on Energy Efficiency, which calls for a 1% 
improvement of energy intensity per year compared to a business-as-usual scenario 
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(European Commission 2001a). In November 2000, the European Commission issued a 
Green Paper “Toward a European Strategy for the Security of Energy Supply”, in which 
the Commission proposed that subsidies could be used to keep effective access to coal 
reserves as an option for the future (IEA 2001). 
The first comprehensive U.S. energy legislation was a result of the energy crisis 
of 1973 and recognition of the U.S.’s increasing utilization and subsequent dependency 
upon foreign sources of fossil fuels. So, Congress enacted the Energy Policy and 
Conservation Act in 1975, which created a strategic petroleum reserve, established 
corporate average fuel economy requirements, and a broad energy R&D program. The 
Energy Policy and Conservation Act was later broadened by the National Energy 
Conservation Act of 1978. Fourteen years later, faced with the political situation in the 
Middle East and the insecurity of oil supplies, the U.S. passed the Energy Policy Act of 
1992, which provides financial incentives for increasing energy efficiency, development 
of renewables and the opening of the U.S. electric power industry to competition, 
(Stagliano 2001). Nevertheless, the efforts of the U.S. government, perhaps well 
intentioned, have done little to resolve the energy problems raised by changing energy 
demands (Miller 1993: 66). In addition, the process of market reform has slowed down 
due to the California power crisis of 2000–01, which was a reminder that proper market 
design is essential for efficient, secure and sustainable energy supply (IEA 2002).  
In 2001, the Bush Administration issued a National Energy Policy (NEP), which 
encourages improving efficiencies of energy use, investment in energy infrastructure and 
growth in energy supply. So far, this policy plan has not resulted in a new comprehensive 
energy bill. The politically divided Congress was stymied for months over the questions 
 41
of whether the Arctic National Wildlife Refuge (ANWR) should be opened to oil drilling 
and whether tougher corporate average fuel economy (CAFE) standards should be 
introduced.  
Keeping these overarching frameworks in mind, the thesis discusses differences 
in the scores of the Sustainable Energy Index by looking at the single index components.  
6.1.1. Energy Efficiency and the Industrial Sector 
Concerning overall economic energy intensity, D.C., Denmark, Austria, and 
Germany exhibit the best scores for having low intensity, thus having a high efficiency. 
Other efficient U.S. states include Connecticut, New York and Massachusetts. On the 
other end of the scale, Wyoming, West Virginia, Louisiana, and North Dakota scored 
worst, having eight times higher energy intensities. Countries or states displaying low 
energy intensity have developed programs for energy conservation and energy efficiency 
by promoting new technologies, such as combined heat and power generation as well as 
combined cycle gas turbines (CCGT) (European Commission 2002a). However, reasons 
for decreased energy intensity other than efficiency gains include changes in the sectoral 
structures of the economy, a substitution of labor as well as changes in the energy input 
mix (Cassedy 2000). Yet, some authors believe that the potential for efficiency 
improvement is generally underestimated and more gains are possible (Afgan/Carvalho 
2000: 28).   
Regarding per capita energy consumption in the industrial sector, countries with 
the lowest consumption (under one toe/inhabitant) include D.C., Greece, and Ireland. At 
the other end, countries with the highest consumption (above ten toe/inhabitant) are 
Wyoming, Louisiana, and Alaska. One has to note, however, that the best scoring 
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countries like D.C. have practically no industry or are still in the process of development 
like the EU Cohesion Countries, which are the four poor EU member states Ireland, 
Greece, Portugal and Spain. In addition, structural changes towards services and less-
energy-intense production in manufacturing lowered the per capita energy consumption. 
The switch to less energy consuming industries led the polluting industries to move to 
less-developed countries, thus there is no absolute gain in efficiency, just a relative for 
the respective domestic energy sectors (Pezzey 1992a). 
6.1.2. Transportation Sector 
In the transportation sector, Portugal, Greece, and Italy scored best by consuming 
less than one toe per inhabitant. In fact, all EU countries except for Luxemburg take the 
first fourteen ranks. At the bottom of the scale are Louisiana, Wyoming, and Alaska, 
which consume between 4.5 and 8 toe/inhabitant in the transportation sector. The stark 
difference between Europe and the U.S. can be explained by the heavy taxation of oil 
products, particularly gasoline, in most European countries, which makes transportation 
relatively expensive in comparison to the United States, where heavy taxation is absent. 
In addition, according to the IEA, Europe has enacted the most important technology-
oriented policy measure - a voluntary agreement between the EU and the ACEA, the 
European Association of Car Manufacturers, for emissions reductions in new cars. This 
EU-ACEA agreement, if successful, could reduce emissions from cars by as much as 15 
to 20 percent below current trends by 2010 for new cars, with even greater reductions 
after 2010 (OECD/IEA 2001: 158).  
In comparison, Americans consume so much more energy because of the decline 
of average fuel economy of the new personal vehicle fleet and the rise in the number of 
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miles driven by Americans (Espey 1997). The drop in fuel economy is largely a result of 
a shift towards larger vehicles that have lower gas mileage than cars. According to EPA, 
the market share of light trucks, such as sport utility vehicles (SUVs), pickup trucks and 
minivans has been rising steadily from 20 percent before 1975 to 48 percent by 2000. 
Light trucks now represent more than half of the states’ new vehicle sales.13 The 
following table pictures these trends:  
 
 
Figure 6.1: Vehicle registration and fuel consumption in the U.S. (Office of Highway 
Policy Information 2000) 
 
6.1.3. Commercial-Residential Sector  
With regards to the domestic-residential sector, Portugal, Spain, and Greece have 
the lowest energy consumption per capita (under one toe/inhabitant), while Alaska, DC, 
and Iowa have the highest. Europe again holds the first sixteen ranks (Hawaii is number 
six), which includes “cold” countries such as Sweden and Finland because Europe has 
stricter building codes demanding insulation and double windows and lesser use of air 
                                                 
13 For more information see http://www.epa.gov/otaq/fetrends.htm  
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conditioning. After all, space heating and cooling account for 60 to 80 percent of final 
energy use in residential buildings in industrialized countries (Goldemberg et al. 1987). 
The tightest building codes in the U.S. can be found in California, New York and Florida, 
which rank in the upper half of the indicator (NASEO 2001: 20). 
6.1.4. Renewable Energy  
Concerning the share of renewable energy, the highest ranking countries or states 
include Vermont, Oregon, and Washington, which derive almost half of their energy 
consumption from renewables. The best European countries are Sweden, Austria and 
Finland, whose renewables account for approximately 20 percent of the total energy 
consumption. Those with the lowest share of renewables are Kansas, Texas, and 
Delaware, whose renewables provide less than one percent of the total energy consumed.  
Given the importance of renewable energy in increasing energy security and 
reducing GHG emissions, the thesis evaluates the renewable indicator more thoroughly.  
Despite their social and environmental benefits, renewable energies face a number of 
constraints including: high initial cost for equipment, storage requirements and costs due 
to the intermittent supply of many renewable sources such as wind and solar, exclusion of 
social costs from fossil fuels (pollution, climate change, security risks) and low profit 
margins, which inhibit large scale funding (Berry/Jaccard 2001). 
Currently, some European countries such as the Netherlands, Denmark and 
Germany are actively increasing the share of renewables by building separate markets for 
them through voluntary green certificates or by subsidizing feed-in tariffs (Morthorst 
2000). In the U.S., states can promote renewables through direct financial support such as 
grants or loans; indirectly through R&D monies; reforming the energy sector, or by 
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enacting renewable portfolio standards (RPS) (Berry/Jaccard 2001). These standards 
mandate that a state generates a percentage of its electricity from renewable sources. 
Depending on the states’ resources - Arizona has more sun than Oregon, and Montana 
has more wind – renewable portfolios contain menus including wind, solar, biomass, 
geothermal, and other renewable sources. Under a RPS, utilities are required to have 
certain percentages of their overall, their new generating capacity or their energy sales 
derived from renewable resources. In March 2003, fourteen states have (dark gray) or are 
developing (light gray) Renewable Portfolio Standards. They can be seen in Figure 6.2:  
 
Figure 6.2: Distribution of Renewable Portfolio Standards in the United States (Database 
of State Incentive for Renewable Energy 2003) 
 
6.1.5. Energy Diversity and Energy Taxation 
Concerning the diversity of fossil fuel supplies, five U.S. States share first place: 
New Mexico, Nevada, Kansas, Michigan, and Colorado. The least diverse fossil fuel 
supplies can be found in Vermont, Maine and Hawaii. However, it is important to note 
that Vermont and Maine have a strong reliance on renewable sources, whereby Hawaii 
almost exclusively relies on oil.  
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More important than the diversity index is the energy tax/subsidy index. D.C., 
Sweden and Greece levy the highest energy taxes on industry, while Hawaii, Denmark 
and Italy grant the highest energy subsidies. Past efforts to subsidize energy producers 
and consumers have promoted economic inefficiencies and slowed adjustment to a 
sustainable energy sector (Neumayer 1999). Removing energy subsidies will lead to a 
gain in efficiency, which will promote economic growth and less government spending. 
If necessary, instead of subsidizing consumption, low-income groups and heavily 
affected industry should be supported by providing access to energy services or tax 
breaks (Goldemberg et al. 1987). Other efforts of energy market reform include 
liberalization, that is, removing governmental regulations, which is expected to result in 
efficiency gains and enhanced technological dynamism (OECD/IEA 2001). Almost all 
examined cases are presently in the process of deregulating their markets; however, it is 
too early to evaluate fully the results.  
6.1.6. Climate Change  
Finally, concerning Climate Change, Sweden, Portugal and France have the 
lowest per capita CO2 emissions. However, it is important to note that Portugal is still 
developing economically and that it had high increases in CO2 emissions between 1987 
and 1999. In contrast, France has a high percentage of nuclear power and thus low CO2 
emissions. Other EU countries with low emission levels include Austria, Germany, 
Denmark, and Finland. At the lower end of the scale are Alaska, North Dakota and 
Wyoming. Better ranking U.S. states include D.C., New York, California and a number 
of states from New England such as, Vermont, Massachusetts, and Rhode Island.  
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Nowhere else in the energy sector do the political differences between the U.S. 
and the EU become more apparent than in strategies aimed at mitigating climate change. 
The United States inhibits international climate negotiations due to strong fossil fuel 
lobbies, which envision doomsday once the U.S. commits itself to binding reduction 
targets. The U.S. climate change policy is conditioned by the perception that economic 
costs are exorbitant, although the abatement costs could be held low through efficiency 
gains and changes in lifestyles (Sprinz/Weiss 2001). After announcing it would not ratify 
the Kyoto Protocol, the Bush Administration proclaimed an alternative approach in 
February 2002, which seeks to reduce the carbon-intensity of the U.S. by 18 percent by 
2012. Yet, if evaluated by net GHG emissions, this approach will lead in 2012 to 
emission levels being 19 percent above the 1990 levels (Center for Clean Air Policy 
2002). In spite of the absence of action at the federal level, some states are enacting 
policies aimed at reducing GHG emissions. In June 2002, New York passed a State 
Energy Plan, which features a GHG emissions reduction target of five percent below 
1990 levels by 2010 and a further five percent reduction by 2020, thereby setting the 
most ambitious emissions reduction objective of all U.S. states. Within its Sustainability 
GHG Action Plan, New Jersey committed itself to reduce its overall GHG emissions by 
3.5 percent below the 1990 baseline by 2005.  
In addition, states are trying to regulate CO2 emissions at power plants. 
Massachusetts, for example, became the first state in April 2001 to establish a standard 
which requires the six highest-emitting power plants in the state - responsible for 87 
percent of the state’s total CO2 emissions - to cap those emissions and achieve a ten 
percent reduction below the current average CO2 emission levels. Likewise, New 
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Hampshire passed a Clean Power Act in May 2002, requiring CO2 emissions to be cut by 
three percent, which is back to 1990 levels. Despite these promising policy initiatives, it 
is too early to evaluate their successes since most of the programs are at the early stage of 
implementation. 
In contrast to slow progress in the U.S., all EU Member States ratified the Kyoto 
Protocol by 2002 and obliged themselves to reduce their CO2 emissions by 8 percent 
within the first commitment period from 2008 to 2012. To accomplish this goal, six 
European countries made use of some type of carbon tax by 1999: Denmark, Finland, 
Italy, the Netherlands, Norway, and Sweden. At present, new environmental taxes are 
often introduced as part of tax reform, where net revenue gains could be possibly used for 
compensation. Such green tax reforms have been implemented in a number of European 
countries such as Germany, where a new environmental tax was combined with a reduced 
tax on labor (IEA 2002b). These carbon taxes are intended to have an incentive effect, in 
addition to a revenue-generating effect, but until now it has been difficult to determine 
whether these taxes actually reduced carbon emissions (Haugland 1993). In addition, a 
variety of tax exemptions, except for Finland, have made effective carbon tax rates 
significantly low and, as a result, skepticism has increased regarding their real efficiency 
(Stavins 2000).  
Nonetheless, a proposal by the European Commission, first presented in 1997, 
calls for establishment of an overall European system for the taxation of energy products, 
which should include motor fuels, heating fuels and electricity.14 However, the proposal 
is still being negotiated among the Member States. Additionally, in 2000, the EU issued a 
Green Paper on GHG Emissions Trading that is intended to stimulate wide debate on how 
                                                 
14 For a more differentiated look see European Commission (2001c).  
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a trading system would be implemented under the Kyoto Protocol. Emissions trading 
schemes are becoming operational in the UK and in Denmark. Furthermore, Sweden, 
Germany and the Netherlands are currently elaborating an Emissions Trading Scheme as 
part of their national GHG emissions reduction programs (IEA 2001). 
From the analysis of the single components it is obvious that European countries 
generally scored higher in the single components, thus having a more sustainable energy 
sector. Within the U.S., states in the Northeast (New England, and New York) and on the 
West Coast (California and Oregon) have a more advanced energy sector as well. 
Suffering from heavy air pollution due to their topographic features and their population 
and industry density, as well as drifting air pollution from the Midwest, these states have 
a long tradition of regulating fossil fuels by enacting environmental legislation.  
6.2. Policy Recommendations 
Having analyzed the energy sectors and the features of the more successful 
countries, this thesis recommends the following policies for becoming more sustainable.  
First, regarding lower energy intensity, countries/states should create effective 
market structures by establishing real-cost pricing for energy commodities by removing 
subsidies or levying taxes on heavy polluting industries. In addition, countries should 
encourage the development, adaptation and diffusion of efficient technology such as co-
generation and compressed cycle gas turbines.  
Special emphasis should be placed on the transportation sector, given its 
importance in per capita CO2 emissions and its continued growth in all EU countries and 
U.S. states. Countries/states should enact policies to encourage modal shifts, non-
motorised transport modes, measures to encourage reduced personal travel, as well as  
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promote the wide-spread application of alternative fuels to move to a near zero emission 
system. To encourage less energy consumption, the federal U.S. government in particular 
has to enact higher fuel economy standards (CAFE) especially for trucks and SUVs.  
Conservation and efficiency can be stipulated in the commercial-residential 
energy sector by establishing and enforcing stricter building codes and minimum energy 
performance standards, e.g. through labelling schemes such as the U.S. Energy Star. 
To increase the share of renewable energies and to increase their market 
competitiveness, countries can use a wide range of regulations and financial incentives: 
tax credits for suppliers of renewable energy, green certificates and green power labeling 
to increase consumer awareness, state wide Renewable Portfolio Standards, as well as 
continued governmental R&D funding. 
Regarding energy taxes and subsidies, it has been shown by the statistics that 
reducing market distortions and increasing liberalization lead to an economic boost. 
Thus, countries should continue existing trends and further reduce subsidies on fossil 
fuels. New environmental taxes should be introduced as part of an overall green tax 
reform which taxes energy while reducing tax burdens on labor to encourage employment 
and economic growth. Finally, countries should further diversify their energy supply base 
preferably with renewable energy sources and natural gas instead of coal and oil.  
Besides these recommendations aimed at directing the energy sectors to a 
sustainable path, a German study conducted by the energy industry aims at finding 
conditions for sustainability suggested two more cultural approaches. First, the citizen’s 
awareness should be raised regarding the environmental consequences of the current 
fossil fuel dominated energy sector and possible alternatives such as renewables. And 
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second, new views on welfare and quality of life involving far less energy should be 
developed and tested (Hofer et al. 1998). 
6.3. Future Research 
Having established a Sustainable Energy Index it would be worthwhile to repeat 
the study in five or ten years to see whether countries or states have significantly 
improved their energy sectors. Additionally, a future SEI evaluation should include more 
than just developed countries to provide a better comparison.  
Also, it would be valuable to improve the data quality and further disaggregate the 
data so that there can be a better analysis of causal relationships between various 
indicators. Thus, it should be possible, for example, to differentiate between real 
efficiency gains and structural changes in the industry sector. Furthermore, to pinpoint 
factors positively influencing the creation of a sustainable energy sector, a future 
evaluation should involve a broader regression analysis. Thus, political, economical and 
cultural factors should be analyzed to determine their utility in explaining variations in 
the individual energy sectors. Recent studies showed that factors like public support for 
environmental protection, strength of green parties, institutionalization of environmental 
and energy concerns as well as the number of environmental taxes had a considerable 
influence on the overall environmental performance of a country (Jänicke 1996, Jahn 




7. SUMMARY AND CONCLUSION 
The thesis examines whether the European and the American energy sectors are 
on a path towards sustainable development. After broad statistical testing using a variety 
of indicators, the answer is yes for a number of EU countries: Austria, Sweden, Finland 
and Germany as well as for some U.S. states: Nevada and New Hampshire. States far 
remained from having a sustainable energy sector include Louisiana, North Dakota, 
Wyoming, Alaska, Texas and West Virginia.  
Generally, it is observed that European Countries scored better than American 
States, which can be attributed to better energy and environmental policies. Also, through 
examining the various energy indicators, policy recommendations can be developed. 
Prompt implementation is desirable given the global rise in energy consumption and the 
negative consequences of climate change. However, as some authors suggest, contrary to 
widely held beliefs, the future for energy is very much more a matter of choice than of 
destiny (Goldemberg et al. 1987). Eventually, the choice for energy sectors is determined 
by whether priority is given to short term economics or long term environmental and 
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APPENDIX A: ENERGY INDICATORS 
 
Complete List of Energy Indicators suggested by UNEP, the International Energy 
Agency and the Commission on Sustainable Development, the core list is presented in 
bold (IAEA/IEA 2001) 
 
1. Population: total, urban 
2. GDP per capita 
3. End-use energy prices with and without tax/subsidy 
4. Shares of sectors in GDP value added 
5. Distance traveled per capita: total, by urban public transport mode 
6. Freight transport activity: total, by mode 
7. Floor area per capita 
8. Manufacturing value added by selected energy intensive industries 
9. Energy intensity: manufacturing, transportation, agriculture, commercial 
and public, services, residential sector 
10. Final energy intensity of selected energy intensive products 
11. Energy mix: final energy, electricity generation, primary energy supply 
12. Energy supply efficiency: fossil fuel efficiency for electricity generation 
13. Status of deployment of pollution abatement technologies: extent of use, average 
performance 
14. Energy use per unit of GDP 
15. Expenditure on energy sector: total investments, environmental control, 
hydrocarbon exploration and development, RD&D, net energy import 
expenses 
16. Energy consumption per capita 
17. Indigenous energy production 
18. Net energy import dependence 
19. Income inequality 
20. Ratio of daily disposable income/private consumption per capita of 20% poorest 
population to the prices of electricity and major household fuels 
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21. Fraction of disposable income/private consumption spent on fuel and 
electricity by: average population; group of 20% poorest population 
22. Fraction of households: heavily dependent on non-commercial energy; 
without electricity 
23. Quantities of air pollutant emissions (SO 2 , NO x , particulates, CO, VOC) 
24. Ambient concentration of pollutants in urban areas: SO 2, NO x, suspended 
particulates, CO, ozone 
25. Land area where acidification exceeds critical load 
26. Quantities of greenhouse gas emissions 
27. Radionuclides in atmospheric radioactive discharges 
28. Discharges into water basins : waste/storm water, radionuclides, oil into coastal 
waters 
29. Generation of solid waste  
30. Accumulated quantity of solid wastes to be managed 
31. Generation of radioactive waste 
32. Accumulated quantity of radioactive wastes awaiting disposal 
33. Land area taken up by energy facilities and infrastructure 
34. Fatalities due to accidents with breakdown by fuel chains 
35. Fraction of technically exploitable capability of hydropower currently in use 
36. Proven recoverable fossil fuel reserves 
37. Life time of proven fossil fuel reserves 
38. Proven uranium reserves 
39. Life time of proven uranium reserves 
40. Intensity of use of forest resources as fuel wood 
41. Rate of deforestation 
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APPENDIX B: WILCOXON’S RANK-SUM TEST 
 
Suppose there are two independent random variables X1 (i.e. energy consumption 
per capita in the EU) and X2 (i.e. energy consumption per capita in U.S.), and the null 
hypothesis that X1 ~ X2 is tested. There is a sample of size n1 from X1 and another of size 
n2 from X2, in this case it is n1 = 15 and n2 = 51. 
The data is then ranked in ascending order regardless of its sample attachment. If 
the data is tied, averaged ranks are assigned. Wilcoxon’s test statistic is the sum of the 






1  T iR  
It can then be shown that the predicted value of T and the variance are given by:  
2





























Ez −= . 
If the absolute value of z exceeds 1.96 the null hypothesis is rejected at the five 
percent level. In this case it is concluded that there is a significant difference between the 
two distributions, i.e. the medians are statistically different. If z > 0 than the median of 
the first group is higher than that of the second group. Assuming no ties, the results for n1 






T itself will take values in the range from 120 up to 885. 
which correspond to ISD in the UN-CSD Working list/Core list are in green font) 
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APPENDIX C: ENERGY PRICE RATIOS BETWEEN THE INDUSTRIAL AND 
THE RESIDENTIAL SECTOR 
 
Energy ratios between the industrial and the residential sector for electricity, 
natural gas and oil prices and the corresponding gains or losses to the industrial 
energy sector* 
 Electricity Natural Gas Oil Total Energy 








EU 15 2.31  3.60  2.31    
Austria 1.90 -0.41 2.35 -1.25 2.57 0.26 -1.40  
Belgium 2.38 0.07 5.52 1.92 2.07 -0.24 1.76  
Denmark 3.26 0.95 5.25 1.65 4.00 1.69 4.29  
Finland 1.94 -0.37 3.60a 0.00 1.55 -0.76 -1.13  
France 2.34 0.03 4.67 1.07 2.79 0.48 1.58  
Germany 2.29 -0.02 3.35 -0.25 2.19 -0.12 -0.39  
Greece 1.54 -0.77 3.60a 0.00 1.60 -0.71 -1.48  
Ireland 1.62 -0.69 7.13 3.53 1.77 -0.54 2.29  
Italy 2.91 0.60 3.41 -0.19 6.23 3.92 4.34  
Luxemburg 2.34 0.03 2.93 -0.67 1.96 -0.35 -0.99  
Netherlands 2.28 -0.03 3.80 0.20 2.66 0.35 0.52  
Portugal 2.13 -0.18 3.60a 0.00 2.68 0.37 0.19  
Spain 1.88 -0.43 4.89 1.29 2.02 -0.29 0.57  
Sweden 3.36 1.05 1.76 -1.84 1.44 -0.87 -1.66  
United Kingdom 2.51 0.20 3.22 -0.38 1.60 -0.71 -0.89  
         
USA 50 1.86  2.01  1.62    
Alabama 1.84 -0.02 2.44 0.43 2.51 0.89 1.30  
Alaska 1.53 -0.33 2.91 0.90 1.26 -0.36 0.21  
Arizona 1.69 -0.17 2.66 0.65 2.63 1.01 1.49  
Arkansas 1.80 -0.06 2.09 0.08 1.00 -0.62 -0.59  
California 1.70 -0.16 1.98 -0.03 2.11 0.49 0.30  
Colorado 1.69 -0.17 1.91 -0.10 1.67 0.05 -0.22  
Connecticut 1.54 -0.32 2.54 0.53 1.26 -0.36 -0.15  
Delaware 1.95 0.09 2.12 0.11 1.81 0.19 0.39  
D.C. 1.74 -0.12 0.00 -2.01 1.37 -0.25 -2.38  
Florida 1.62 -0.24 2.88 0.87 3.03 1.41 2.04  
Georgia 1.82 -0.04 1.28 -0.73 2.21 0.59 -0.18  
Hawaii 1.47 -0.39 2.28 0.27 5.33 3.71 3.59  
Idaho 2.00 0.14 1.65 -0.36 1.71 0.09 -0.14  
Illinois 1.77 -0.09 1.36 -0.65 1.28 -0.34 -1.09  
Indiana 1.79 -0.07 1.45 -0.56 1.68 0.06 -0.57  
Iowa 2.15 0.29 1.53 -0.48 1.08 -0.54 -0.73  
Kansas 1.71 -0.15 2.03 0.02 0.99 -0.63 -0.76  
(table cont.) 
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Kentucky 1.87 0.01 1.72 -0.29 1.86 0.24 -0.04  
Louisiana 1.66 -0.20 2.68 0.67 2.34 0.72 1.20  
Maine 2.04 0.18 1.52 -0.49 2.09 0.47 0.15  
Maryland 1.97 0.11 1.48 -0.53 1.91 0.29 -0.13  
Massachusetts 1.34 -0.52 1.77 -0.24 1.47 -0.45 -0.90  
Michigan 1.74 -0.12 1.39 -0.62 1.46 -0.15 -0.53  
Minnesota 1.63 -0.23 1.87 -0.14 2.31 -0.16 0.34  
Mississippi 1.68 -0.18 1.85 -0.16 1.65 0.69 -0.78  
Missouri 1.62 -0.24 1.44 -0.57 2.09 0.03 0.58  
Montana 2.48 0.62 1.50 -0.51 1.30 0.47 -0.87  
Nebraska 1.83 -0.03 1.50 -0.51 2.19 -0.32 -0.30  
Nevada 1.50 -0.36 1.50 -0.51 1.55 0.57 -0.79  
New Hampshire 1.48 -0.38 1.67 -0.34 1.38 -0.07 -0.24  
New Jersey 1.49 -0.37 2.38 0.37 2.32 -0.24 0.71  
New Mexico 2.03 0.17 1.85 -0.16 1.74 0.70 1.38  
New York 2.79 0.93 2.34 0.33 1.85 0.12 0.32  
North Carolina 1.75 -0.11 2.21 0.20 1.46 0.23 -0.52  
North Dakota 1.61 -0.25 1.90 -0.11 1.57 -0.16 -0.33  
Ohio 2.01 0.15 1.58 -0.43 1.25 -0.05 -0.71  
Oklahoma 1.83 -0.03 1.70 -0.31 2.14 -0.37 0.08  
Oregon 1.65 -0.21 1.78 -0.23 1.02 0.52 -0.51  
Pennsylvania 1.88 0.02 2.08 0.07 1.28 -0.60 -0.65  
Rhode Island 1.38 -0.48 2.17 0.16 2.56 -0.34 1.59  
South Carolina 2.03 0.17 2.49 0.48 1.50 0.94 -0.63  
South Dakota 1.62 -0.24 1.74 -0.27 2.57 -0.12 0.36  
Tennessee 1.52 -0.34 1.76 -0.25 2.30 0.95 1.11  
Texas 1.91 0.05 2.39 0.38 1.55 0.68 -0.24  
Utah 1.87 0.01 1.82 -0.19 1.69 -0.07 0.21  
Vermont 1.66 -0.20 2.35 0.34 1.56 0.07 0.20  
Virginia 1.95 0.09 2.18 0.17 3.74 -0.06 2.30  
Washington 1.93 0.07 2.12 0.11 2.02 2.12 0.62  
West Virginia 1.65 -0.21 2.44 0.43 1.47 0.40 -0.61  
Wisconsin 1.88 0.02 1.53 -0.49 1.60 -0.15 -0.44  
Wyoming 1.90 0.04 1.55 -0.46 1.47 -0.02 -0.90  
* Data originates from the EU Energy and Transport in Figures, Statistical Pocketbook 2002 and the U.S. 
State Energy Price and Expenditure Report 1999. Please note that due to inconsistencies in the data 
residential oil for the EU means light fuel oil and for the US total oil. Industrial oil on the other hand means 
for the EU low sulphur fuel oil and for the U.S. total oil. 
a: Cases with missing natural gas prices have been assigned the EU average. 
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APPENDIX D: COMPONENTS OF THE SUSTAINABLE ENERGY INDEX 
 
Components of the Sustainable Energy Index (SEI)* 
Energy 
Intensity 




































Austria 0.97 0.05 0.87 0.08 0.98 0.85 0.90 0.07 0.90 -0.01 0.50 0.93
Belgium 0.72 0.03 0.59 0.04 0.82 0.96 0.77 0.03 0.11 0.03 0.60 0.11
Denmark 0.98 0.07 0.92 0.13 0.90 0.95 0.85 0.28 0.70 0.20 0.71 0.01
Finland 0.65 0.13 0.39 0.56 0.93 0.94 0.78 0.49 0.90 0.03 0.60 0.87
France 0.87 0.04 0.85 0.12 0.83 0.93 0.85 0.10 0.62 -0.05 0.29 0.13
Germany 0.92 0.15 0.84 0.09 0.89 0.85 0.85 0.06 0.29 0.12 0.84 0.63
Greece 0.960.67 -0.06 0.05 0.96 0.97 0.98 0.11 0.54 -0.02 0.21 0.94
Ireland 0.86 0.29 0.92 0.13 0.83 0.98 0.91 0.02 0.20 0.05 0.48 0.06
Italy 0.86 0.01 0.88 0.10 0.98 0.84 0.96 0.08 0.66 0.09 0.31 0.01
Luxemburg 0.86 0.27 0.55 0.17 0.12 0.97 0.89 0.03 0.12 -0.05 0.12 0.83
Netherlands 0.83 0.15 0.79 0.15 0.86 0.91 0.77 0.07 0.23 0.12 0.45 0.33
Portugal 0.70 -0.11 0.91 0.09 0.99 0.97 0.99 0.32 0.76 -0.14 0.16 0.43
Spain 0.77 -0.05 0.88 0.14 0.88 0.97 0.99 0.16 0.58 -0.09 0.75 0.32
Sweden 0.72 0.10 0.59 0.75 0.85 0.65 0.72 0.65 0.92 0.02 0.31 0.97
United Kingdom 0.74 0.10 0.87 0.06 0.88 0.88 0.90 0.06 0.10 0.09 0.07 0.80
             
Alabama 0.11 0.01 0.12 0.66 0.25 0.33 0.26 0.89 0.77 -0.04 0.73 0.17
Alaska 0.05 -0.12 0.01 0.08 0.01 0.50 0.13 0.12 0.15 -0.12 0.15 0.42
Arizona 0.62 0.22 0.83 0.90 0.46 0.34 0.58 0.94 0.72 -0.09 0.64 0.14
(table cont.) 
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Arkansas 0.13 0.02 0.15 0.89 0.27 0.37 0.43 0.74 0.91 0.17 0.93 0.70
California 0.75 0.14 0.57 0.50 0.50 0.51 0.81 0.60 0.77 0.03 0.14 0.39
Colorado 0.68 0.22 0.69 0.43 0.49 0.39 0.46 0.50 0.27 -0.11 0.96 0.57
Connecticut 0.87 0.11 0.80 0.93 0.67 0.42 0.40 0.29 0.62 0.11 0.07 0.54
D.C. 1.00 0.01 1.00 0.86 0.92 0.02 0.02 0.71 0.04 -0.07 0.13 1.00
Delaware 0.61 0.18 0.34 0.33 0.45 0.70 0.40 0.60 0.04 -0.02 0.42 0.37
Florida 0.57 0.11 0.83 0.75 0.51 0.50 0.51 0.99 0.40 0.02 0.41 0.08
Georgia 0.46 0.16 0.41 0.90 0.33 0.44 0.48 0.88 0.73 0.09 0.64 0.55
Hawaii 0.82 0.14 0.73 0.93 0.38 0.66 0.98 0.96 0.70 0.33 0.02 0.02
Idaho 0.25 0.12 0.27 0.91 0.39 0.35 0.31 0.75 0.94 0.01 0.15 0.54
Illinois 0.58 0.18 0.48 0.41 0.56 0.24 0.39 0.40 0.08 -0.19 0.92 0.86
Indiana 0.20 0.09 0.15 0.27 0.28 0.43 0.35 0.50 0.05 -0.18 0.72 0.69
Iowa 0.32 0.09 0.49 0.46 0.79 0.37 0.03 0.91 0.30 -0.25 0.87 0.75
Kansas 0.25 0.11 0.27 0.48 0.26 0.15 0.24 0.56 0.02 -0.08 0.94 0.76
Kentucky 0.18 0.06 0.17 0.73 0.30 0.37 0.36 0.71 0.22 -0.23 0.51 0.50
Louisiana 0.04 0.02 0.03 0.28 0.09 0.56 0.43 0.92 0.45 0.10 0.34 0.18
Maine 0.21 0.02 0.19 0.96 0.47 0.47 0.46 0.14 0.96 0.00 0.02 0.44
Maryland 0.64 0.14 0.78 0.63 0.53 0.00 0.41 0.66 0.42 -0.01 0.61 0.53
Michigan 0.83 0.13 0.71 0.68 0.67 0.35 0.51 0.29 0.48 -0.19 0.14 0.89
Minnesota 0.45 0.09 0.45 0.55 0.51 0.35 0.38 0.32 0.36 -0.13 0.96 0.80
Mississippi 0.50 0.10 0.38 0.80 0.37 0.33 0.53 0.36 0.66 0.06 0.78 0.68
Missouri 0.14 0.02 0.28 0.71 0.16 0.09 0.46 0.89 0.54 0.01 0.57 0.38
Montana 0.45 0.09 0.67 0.57 0.31 0.46 0.34 0.65 0.18 -0.12 0.66 0.77
Nebraska 0.41 0.14 0.50 0.57 0.29 0.46 0.32 0.61 0.41 -0.06 0.84 0.79
Nevada 0.54 0.21 0.47 0.94 0.36 0.48 0.52 0.71 0.74 0.10 0.95 0.60
New Hampshire 0.69 0.18 0.60 0.99 0.54 0.44 0.54 0.25 0.85 0.11 0.12 0.77
New Jersey 0.66 0.17 0.61 0.52 0.36 0.52 0.41 0.33 0.16 -0.06 0.18 0.57
New Mexico 0.23 0.15 0.34 0.50 0.12 0.05 0.35 0.51 0.08 -0.01 0.96 0.28
North Carolina 0.86 0.06 0.77 0.57 0.87 0.17 0.46 0.27 0.74 -0.10 0.29 0.15
North Dakota 0.50 0.19 0.51 0.82 0.49 0.41 0.43 0.87 0.49 -0.13 0.51 0.39
(table cont.) 
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Ohio 0.02 0.00 0.03 0.02 0.05 0.16 0.01 0.48 0.51 -0.14 0.21 0.67
Oklahoma 0.35 0.11 0.27 0.79 0.51 0.41 0.39 0.47 0.65 0.31 0.92 0.61
Oregon 0.19 0.07 0.29 0.33 0.25 0.29 0.34 0.75 0.41 0.01 0.92 0.74
Pennsylvania  0.48 0.30 0.45 0.71 0.37 0.42 0.38 0.86 0.97 -0.01 0.25 0.46
Rhode Island 0.50 0.18 0.47 0.31 0.56 0.35 0.50 0.36 0.34 -0.02 0.85 0.67
South Carolina 0.62 0.04 0.63 0.22 0.74 0.41 0.53 0.26 0.54 0.37 0.12 0.72
South Dakota 0.27 0.10 0.29 0.82 0.42 0.44 0.44 0.90 0.57 -0.11 0.66 0.13
Tennessee 0.35 0.06 0.52 0.40 0.23 0.24 0.33 0.56 0.92 -0.01 0.49 0.71
Utah 0.34 0.14 0.38 0.61 0.35 0.33 0.35 0.87 0.57 -0.14 0.73 0.38
Vermont 0.18 0.10 0.08 0.48 0.24 0.47 0.48 0.90 0.04 -0.09 0.56 0.20
Virginia 0.29 0.13 0.37 0.26 0.29 0.45 0.36 0.44 0.31 -0.01 0.78 0.57
Washington 0.52 0.11 0.68 0.93 0.48 0.48 0.49 0.27 0.96 0.01 0.04 0.42
West Virginia 0.51 0.11 0.55 0.61 0.43 0.43 0.35 0.77 0.54 0.05 0.54 0.42
Wisconsin 0.37 0.16 0.28 0.63 0.29 0.57 0.31 0.85 0.97 0.00 0.19 0.06
Wyoming 0.02 0.01 0.08 0.19 0.08 0.07 0.02 0.57 0.10 -0.16 0.18 0.30
Utah 0.43 0.12 0.35 0.79 0.55 0.43 0.45 0.40 0.61 -0.16 0.89 0.71
Vermont 0.01 0.00 0.01 0.16 0.00 0.18 0.00 0.47 0.20 0.01 0.29 0.65
Virginia 0.41 0.14 0.50 0.57 0.29 0.46 0.32 0.61 0.41 -0.06 0.84 0.79
*: The original data used in creating the components for the SEI was taken from the 2001 EU Annual Energy Review, the 2002 Statistical Pocketbook EU 
Energy and Transport in Figures, the 1999 U.S. State Energy Price and Expenditure Report, the 1999 State Energy Data Report, and the 2001 U.S. 
Statistical Abstract. 
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